Abstract:
Introduction
Vitamin E is a generic term that defines a family of organic compounds with similar structure consisting of a chromanol core and an aliphatic chain named phythol. In nature, vitamin E exists in eight different forms: α-, β-, γ-and δ-tocopherol and α-, β-, γ-and δ-tocotrienol. These tocopherols have been intensively studied due to their medical, biological and physiochemical significance. Usually, the role of vitamin E inside human body is to prevent unwanted oxidative processes and to stop the formation of free radicals [1] .
Humans, as well as a considerable number of animal species, do not synthesize their own vitamin E, but they acquire this vitamin from a large variety of nutrients. The absence of vitamin E from nourishment leads to neuropathy, fetal death or musclular diseases and is directly connected to different regulatory processes [2] .
Based on their critical significance, it is very important to design techniques able to extract tocopherols efficiently from various sources and analyze them with high accuracy and precision. The most commonly used analytical techniques for tocopherol analyses include spectrophotometry [3, 4] , voltametry [5, 6] , thinlayer chromatography, gas chromatography and high performance liquid chromatography [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
Even though the tocopherols are not chemically bonded to the proteins, lipids or carbohydrates, they could be assosciated with other components of food matrices such as membranes, lipoproteins etc. 
Experimental Procedure

Sample materials, chemicals and standards
Pumpkin, sunflower, walnut and sesame oils have been obtained directly by pressing crushed seeds. The refined sunflower oils, virgin olive oils and refined olive oils were purchased from the grocery market.
The porous polymers: Porapak P (styrenedivynilbenzene), Porapak Q (divinylbenzene/ethylvinylbenzene) Porapak QS (silanized divinylbenzene / ethyl-vinylbenzene) and Porapak N (Divinylbenzene/ vinyl pirolidone) were acquired from Carlo Erba, Italy. The characteristics of these sorbents are presented in Table 1 .
The standards α-, γ-and δ-tocopherol of 99.99% purity were obtained from Supelco (USA). Organic solvent (methanol, ethanol, hexane, ethyl acetate and acetone) were obtained in HPLC grade from Merck (Darmstadt, Germany).
Equipment and gas chromatography
For all GC analysis we used a Hewlett Packard gas chromatograph HP 4890 D series, equipped with a splitless injector, a fused-silica capillary column (30 m × 0.32 mm ID) coated with 1.0 μm thick film of 100% dimethylpolysiloxane (Supelco SPB-1) and a flame ionization detector (FID). Data acquisition and evaluation were achieved using the Clarity chromatographic software. The chromatographic conditions are described in detail as follows: the initial temperature was set at 140°C, followed by a gradient of 7°C min -1 to 310°C and held for 5 minutes. The injector and flame ionization detector temperatures were set at 250°C respectively 310°C. Nitrogen of 99.999% purity was used as the carrier gas, at a flow rate of 1.5 mL min -1 . Tocopherols were analyzed without any derivation step and the concentrations were determined by the calibration curve method. The calibration curve equations are given in Table 2 .
Sample pretreatment
Generally, the isolation of tocopherols from oil samples involves the alkaline hydrolysis of fatty material, followed by the extraction of the tocopherols from the unsaponifiable material. In this study, for saponification we used the following ingredients: a 400 mg sample of oil was weighted in a screw-capped tube (made by Sovirel, France), 0.2 g of ascorbic acid, 15 mL of absolute ethanol and 1.5 mL of 50% sodium hydroxide solution were added under a stream of nitrogen. The tube was heated to 70ºC for 30 minutes. After cooling the tube, 3 mL of sodium chloride solution (50 g L -1 ) was added. In this way, the tocopherols are released from the oil matrix in unsaponifiable matter and they can be easily isolated.
Liquid-Liquid Extraction
For liquid-liquid extraction of tocopherol from vegetable oils, the sample was saponified using the same protocol described above and extracted three times with 15 mL of a mixture of hexane:ethyl acetate (85:15, v/v) [4]. The resulting sample was evaporated to dryness under nitrogen and the residue was dissolved in 2 mL of the same mixture and analyzed by capillary gas chromatography.
Solid-Phase Extraction
The porous polymer SPE cartridges were prepared in the laboratory and consist of a 4 mL syringe filled with 0.5 g of porous polymer. Right before extraction, the cartridges were conditioned with acetone and methanol.
To evaluate the porous polymers SPE selectivity, 10 μL of a standard solution containing 133 µg α-tocopherol, 83 µg γ-tocopherol, 105 µg δ-tocopherol dissolved in methanol was applied on the cartridge and eluted with 2 mL of a solvent mixture consisting of a non-polar (hexane) and a polar (ethyl acetate) solvent. The resulting samples were evaporated to dryness under nitrogen and the residue was dissolved in 100 μL of methanol and analyzed by capillary gas chromatography.
From vegetable oils, the tocopherols were extracted from unsaponifiable matter on Porapak Q with a flow rate of 2 mL min -1 . After that, the SPE cartridges were washed with distilled water until free of sodium hydroxide. Next, the retained compounds (tocopherols) were eluted with 2 mL of hexane:ethyl acetate mixture (90:10, v/v) and analyzed by capillary gas chromatography.
Results and Discussion
Extraction efficiency of porous polymers
Extraction efficiency of porous polymers was investigated by considering the analytes recovery after SPE procedure. Here, the mixtures consisting of a non-polar (hexane) and a polar (ethyl acetate) solvent can yield satisfactory recovery rates. Several ratios of hexane:ethyl acetate (100:0, 95:5, 90:10 and 85:15 v/v) were tested to improve the overall recovery rates. Overall, we determined that the optimal composition depends largely on the polymer polarity. The influence of the solvent mixture composition on the recovery rates of tocopherols are illustrated in Fig. 1 .
As illustrated in Fig. 2 , the non-polar and moderately polar polymers (e.g. Porapak P, Porapak Q and Porapak QS) can be successfully used in solid phase extraction of tocopherols, while more polar porous polymers (e.g. Porapak N) provide inferior results based on a very strong absorption that occurs at their surface. For each polymer and solvent mixture, the experiments were performed three times and the calculated RSD was under 5%. 
Optimization of saponification
The amount of sodium hydroxide used for saponification is crucial for tocopherol stability. Usage of a large quantity of sodium hydroxide leads to analyte loss through certain oxidation processes, even in the presence of an antioxidant (ascorbic acid) and nitrogen. The quantitative and qualitative composition of the tocopherols was determined by performing SPE followed by capillary gas chromatography analysis. The losses of tocopherols during the saponification process have been studied using different amounts of sodium hydroxide and following the same protocol as described above. For this purpose, in a screw-capped tube, 15 mL of absolute ethanol was spiked with a known amount of tocopherols and the resulting sample was subjected to the saponification process using different amounts of 50% sodium hydroxide solution (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mL). After saponification, the tocopherols were extracted on Porapak Q and analyzed by capillary gas chromatography. Table 3 illustrates that losses during the saponification process are directly dependent to the amount of sodium hydroxide and on the type of isomers used.
The most unstable isomer is δ-tocopherol that was 90 % oxidized by an addition of 3 mL 50% sodium hydroxide solution, followed by γ-and α-tocopherol. Taking into account the isomer molecular structure, it seems that the stability of tocopherols isomers during the saponification process increases with the number of methyl groups directly linked to phenolic ring. In conclusion, the amount of 1.5 mL sodium hydroxide solution (50%) does not affect the stability of tocopherols and the recoveries are around 100% for all isomers. In addition, a volume smaller than 1.5 mL of sodium hydroxide solution (50%), is not enough for an efficient alkaline saponification of fatty matrices. Separation and determination of tocopherols in vegetable oils by solid phase extraction on porous polymers SPE cartridges and capillary gas chromatography analysis 
The comparison of liquid-liquid extraction and SPE on Porapak Q
Liquid-liquid and solid phase extraction methods for the extraction of tocopherols from vegetable oils were compared. For this purpose, two samples of sunflower oil were pretreated in the same way as described above. After saponification of the fatty matrix, one sample was subjected to liquid-liquid extraction using a mixture of hexane:ethyl acetate 85:15 v/v [4] while the other sample was extracted by SPE using Porapak Q as sorbent.
The resultant extracts were analyzed by capillary gas chromatography. As can be seen in fig. 2 the solid phase extraction of tocopherols from unsaponifiable matter using Porapak Q proves to be a very good method for cleaning the samples and for the concentration of targeted species compared liquid-liquid extraction.
Quantitative analysis
The developed method was applied for analysis of tocopherol content in seven different vegetable oils by SPE on Porapak Q after alkaline saponification of fatty matrix and subsequently by capillary gas chromatography analysis. The quantitative and qualitative compositions of the individual tocopherols were determined based on calibration curve method.
As can be seen in Table 4 , the results showed that the tocopherol content and the type of structural isomer is related to the origin of the raw material from which it was obtained.
According to our data, sesame seed and olive oils appear to have the highest tocopherol content. Taking into account the tocopherol content as well as the type of isomers, the results obtained in this work are comparable with other results from literature [12, 14, 16, 17, 21] .
Repeatability of the quantitative results was examined by consecutive injections of identical sunflower oils and Separation and determination of tocopherols in vegetable oils by solid phase extraction on porous polymers SPE cartridges and capillary gas chromatography analysis by repeating the entire analysis sequence, including sample preparation. The RSD in this case was under 5%.
Conclusions
The separation of minor components from oil matrices by capillary gas chromatography involves an essential step of alkaline saponification necessary to remove the bulk of lipid material. We have determined that the amount of sodium hydroxide used for triglyceride removal is crucial and the tocopherol losses and may be reduced by using an optimum volume of solution with a determined concentration. We also determined that during the saponification process the stability of tocopherol isomers increases with the number of methyl groups directly linked to the phenolic ring.
The solid phase extraction of tocopherols from unsaponifiable matter using Porapak Q SPE cartridge proved to be a very good method for cleaning the samples and for the concentration of targeted species compared to solvent extraction.
Most of the Porapak porous polymers offer good selectivity for tocopherols as well as good chemical stability during the extraction process. Therefore, nonpolar and moderately polar polymers such as Porapak P, Porapak Q and Porapak QS can be successfully used in the solid phase extraction of tocopherols. Polar polymers such as Porapak N provided less capable results due to a very strong absorption that occurs at their surface.
The excellent efficiency of porous polymers for tocopherol recovery and the associated excellent repeatability of the analysis yields great promise as an alternative to traditional supports (C-18, C-8, diol, silica gel) for solid phase extraction of tocopherols.
